Background/Aims. In early endoscopic retrograde cholangiopancreatography (ERCP) for acute cholangitis due to choledocholithiasis, it is unclear that single-session stone removal can be safely performed. We examined the efficacy and safety of early singlesession stone removal for mild-to-moderate acute cholangitis associated with choledocholithiasis. Methods. Among patients with mild-to-moderate acute cholangitis associated with choledocholithiasis who underwent early ERCP (n = 167), we retrospectively compared the removal group (patients who underwent single-session stone removal; n = 78) with the drainage group (patients who underwent biliary drainage alone; n = 89) and examined the effectiveness and safety of single-session stone removal by early ERCP. Results. The patients in the removal group had significantly fewer and smaller stones compared with those in the drainage group. The single-session complete stone removal rate was 85.9% in the removal group. The complication rate in early ERCP was 11.5% in the removal group and 10.1% in the drainage group, with no significant difference (P = 0.963). On comparing patients who underwent early endoscopic sphincterotomy (EST) with those who underwent elective EST after cholangitis had improved, the post-EST bleeding rates were 6.8% and 2.7%, respectively, with no significant difference (P = 0.600). The mean duration of hospitalization was 11.9 days for the removal group and 19.9 days for the drainage group, indicating a shorter stay for the removal group (P < 0.001). In multiple linear regression analysis, stone removal in early ERCP, number of stones, and C-reactive protein level were significant predictors of hospitalization period. Conclusions. Single-session stone removal for mild-to-moderate acute cholangitis can be safely performed. It is useful from the perspective of shorter hospital stay.
Introduction
According to the Tokyo Guidelines 2013 (TG13) for acute cholangitis, endoscopic transpapillary drainage is the most recommended for acute cholangitis [1, 2] . It is recommended that the timing to perform biliary drainage should be determined in accordance with the severity of acute cholangitis [3] [4] [5] , with urgent drainage indicated for severe cases and early drainage for moderate cases; biliary drainage is needed when initial treatment such as antibiotic treatment is ineffective for mild cases. Moreover, when performing early endoscopic retrograde cholangiopancreatography (ERCP) for acute cholangitis associated with choledocholithiasis, if the cholangitis is severe, it is recommended to perform biliary drainage alone [3] ; however, in moderate-to-mild cases, there is insufficient evidence regarding whether or not singlesession stone removal can be safely performed.
Some previous reports indicate that endoscopic sphincterotomy (EST) for patients with acute cholangitis has a risk of bleeding [6, 7] and that acute cholangitis in itself is a risk factor for post-EST bleeding [8] . Furthermore, in acute cholangitis, stone removal may carry the risk of exacerbating cholangitis. On the other hand, if the acute cholangitis is mild-to-moderate, when performing early ERCP, it has been reported that EST does not increase the bleeding rate and that it shortens the length of hospital stay [9] . In a single-arm prospective study, it was reported that, in the absence of coagulopathy, single-session stone removal by EST for mildto-moderate acute cholangitis is effective and can be safely performed [10] . In another report [11] comparing the therapeutic outcomes of single-session stone removal with elective stone removal after drainage for acute cholangitis, there was no difference in the rates of cholangitis improvement and procedural complications. However, the report [11] had limitations such as a small number of cases and a low singlesession stone removal rate of 30.5%.
In the present study, we retrospectively examined patients who underwent early ERCP for mild-to-moderate acute cholangitis associated with choledocholithiasis and compared the therapeutic outcomes and safety of single-session stone removal with biliary drainage alone.
Materials and Methods

Patients.
During the period from January 2011 to March 2017, 212 consecutive patients with mild-to-moderate acute cholangitis associated with choledocholithiasis underwent early ERCP at the Department of Gastroenterology and Hepatology of St. Marianna University School of Medicine. Early ERCP was defined as ERCP performed within 24 h of diagnosis. Among these patients, 14 who underwent postoperative reconstruction other than the Billroth I reconstruction, 21 with concurrent gallstone pancreatitis, and 10 with concurrent cholecystitis were excluded; thus, a total of 167 patients were included in the study. Six of 167 patients were enrolled twice because of recurrence of choledocholithiasis and cholangitis during the study period. For those six patients, the time to recurrence was 13.2±7.5 months (mean±standard deviation), and complete stone removal was confirmed by cholangiography using a balloon catheter at the initial ERCP.
In early ERCP, stone removal was attempted in a single session for 78 patients (removal group) and biliary drainage alone was performed in 89 patients (drainage group). Six patients registered twice were enrolled in 7 in the removal group and 5 in the drainage group. The decision to perform single-session stone removal or drainage alone was made at the discretion of the endoscopist; however, patients receiving antithrombotic therapy for native papilla underwent drainage alone. We discontinued any kind of antithrombotic drugs in principle and EST was performed after the appropriate discontinuation period for each drug. For the patients who had difficulty in discontinuation of antithrombotic drugs, heparin was substituted. All ERCPs were performed under the supervision of an expert with experience in over 500 ERCP procedures. In our institution, biliary cannulation is first attempted using the conventional contrast cannulation (CC). However, in case where biliary cannulation is difficult to perform by CC but in which a guidewire can be placed in the pancreatic duct, the pancreatic duct guidewire placement method (P-GW) is employed as the second choice. Then, we usually place a pancreatic stent for the prevention of pancreatitis over the guidewire used in the P-GW. The highfrequency device used in EST was 120-Watt Endocut mode Effect 3 (ICC 200; ERBE Corp., Tuebingen, Germany) or ESG-100 in 50-Watt pulse cut slow mode (Olympus Corp., Tokyo, Japan). Endoscopic papillary large balloon dilatation (EPLBD) was defined as papillary dilatation performed using a balloon of ≥12-mm diameter, and endoscopic papillary balloon dilatation (EPBD) was defined as papillary dilatation performed using a balloon of ≤10-mm diameter. EPLBD was performed for the papilla after performing EST or with a history of EST. Endoscopic nasobiliary drainage (ENBD) was performed using a 6-Fr catheter, and endoscopic biliary drainage (EBD) was performed using a 7-Fr stent. Complete stone removal confirmation was performed by cholangiography using balloon catheter. The contrast was injected from the proximal side hole of the balloon catheter after performing procedure for papilla such as EST. All patients were given antibiotics, with the type of antibiotic and administration period determined at the discretion of the attending physician. With the aim of preventing post-ERCP pancreatitis, on the day of the ERCP procedure, all patients were given 600 mg/day of gabexate mesilate. Furthermore, all patients underwent blood tests 3 h after the procedure and on the following day. Thereafter, blood and imaging tests were performed as required at the discretion of the attending physician to ascertain the patient's condition.
Measurements.
In this study, the primary outcome was to evaluate the safety of early stone removal for mild-tomoderate acute cholangitis associated with choledocholithiasis, and the secondary outcome was to evaluate the clinical benefit of early single-session stone removal.
We retrospectively compared the patient characteristics, the details of ERCP procedure, the procedural duration, total number of ERCP sessions, stone removal rate, cholangitis improvement rate, period from early ERCP to the second ERCP for stone removal, length of hospital stay, and procedural complications in patients in the removal group (n = 78) with those in the drainage group (n=89). Furthermore, procedural complications were compared between patients who underwent EST in early ERCP and those who underwent EST in elective ERCP following improvement in cholangitis in the drainage group. Moreover, stepwise multiple linear regression analysis was performed to evaluate the factors related to hospitalization period.
Improvement of cholangitis was defined as a body temperature <37 ∘ C maintained for >24h and normalization of white blood cell count in blood test. On the other hand, worsening of cholangitis was defined as that blood test values and/or clinical symptoms such as fever or abdominal pain showed an exacerbation tendency. The diagnosis of procedural complications included pancreatitis, perforation, and cholangitis based on the consensus guidelines by Cotton et al. [12] . Post-EST bleeding was defined as requiring endoscopic hemostasis. However, simple hemostasis with coagulation using EST knife immediately after EST was excluded.
The present study was performed with the approval of the ethical review board of our hospital (approval number: 3667). Informed consent about present study participation was officially announced on a web page. 
Results
Patient Characteristics.
Patient characteristics are shown in Table 1 . There was no difference in terms of gender, performance status (PS), severity of cholangitis, proportion of post-EST papilla, and presence or absence of parapapillary diverticulum between the removal and drainage groups; however, the patients in the removal group were significantly younger and had fewer and smaller stones compared with those in the drainage group. Moreover, the drainage group included many patients who were taking antithrombotic agents.
Procedures.
The details of the early ERCP procedure are shown in Table 2 . Biliary cannulation was achieved in all 167 patients. Techniques for successful biliary cannulation included CC in 69 patient, P-GW in 7, and Pre-cut in 2 in the removal group and CC in 77 and P-GW in 12 in the drainage group. There was no difference in the technique of successful biliary cannulation between the two groups. The procedures for papilla included EST in 58 patients, EPBD in 9, and EPLBD in 8 in the removal group and EST in 11 in the drainage group. EST, EPBD, EPLBD, and intraductal ultrasonography were more frequently performed in the removal group, whereas endoscopic biliary stenting (EBS) was more frequently performed in the drainage group. There was no difference in the proportion of pancreatic stenting between the two groups (P = 0.229).
In 84 out of the 89 patients in the drainage group, elective stone removal was performed after cholangitis had improved. The procedures for papilla involved EST in 37 patients, EPBD in 13, EPLBD in 26, and pre-cutting in 1. Furthermore, five patients had concurrent malignant tumors or severe illness and were thus discharged after undergoing EBD alone without stone removal.
Therapeutic Outcomes.
The therapeutic outcomes are shown in Table 3 . The procedural duration for early ERCP was 38.8 min in the removal group and 27.0 min in the drainage group, which was significantly shorter (P = 0.036); however, the total number of ERCP sessions was 1.2 in the removal group and 2.2 in the drainage group, indicating that significantly fewer sessions were performed for the removal group (P < 0.001). The single-session complete stone removal rate in early ERCP was 85.9% for the removal group. The overall complete stone removal rate was 100% for the removal group and 94.4% for the drainage group, with no significant difference observed (P = 0.095). The improvement rate in acute cholangitis following early ERCP and the overall improvement rate in acute cholangitis were 100% for both groups. The mean period from early ERCP to second ERCP for stone removal was 7.8 days for the removal group and 9.8 days for drainage group with no statistical difference (P = 0.068). The mean length of hospital stay was 11.9 days for the removal group and 19.9 days for the drainage group, indicating a significantly shorter stay for the removal group (P < 0.001).
Procedural Complications.
The procedural complications in early ERCP are shown in Table 4 . The overall procedural complication rate was 11.5% for the removal group and 10.1% for the drainage group, with no significant difference observed between the two groups (P = 0.963). In the removal group, pancreatitis occurred in 2.6%, post-EST bleeding in 5.1%, post-EPLBD bleeding in 1.3%, Mallory-Weiss syndrome in 1.3%, and ENBD self-removal in 1.3%, whereas in the drainage group, pancreatitis occurred in 1.1%, post-EST bleeding in 1.1%, Mallory-Weiss syndrome in 1.1%, ENBD self-removal in 3.4%, and stent migration in 3.4%; no difference was observed between the two groups. Furthermore, perforation, worsening of cholangitis, and acute cholecystitis were not observed in either group, and there were no fatalities. In patients who underwent early EST, including those in the removal and drainage groups, the post-EST bleeding rate was 6.8% (5/69), including 6.9% (4/58) in the removal group and 9.1% (1/11) in the drainage group, with no significant difference observed (P = 0.706). Moreover, upon comparing early EST (n = 69) with elective EST after cholangitis had improved (n = 37), the post-EST bleeding rates were 6.8% (5/69) and 2.7% (1/37), respectively, with no significant difference observed (P = 0.600) ( Table 5) . In all patients with post-EST bleeding and post-EPLBD bleeding, hemostasis was achieved by endoscopic hemostasis (injection of hypertonic saline-epinephrine: 4, compression using balloon catheter for stone removal or EPBD: 3, and clipping: 1), and all other complications were improved with conservative treatment.
Predictors of Hospitalization Period.
Stepwise multiple linear regression was calculated to predict hospitalization period. Independent variables included age, sex, PS, severity of cholangitis, white blood cell count (WBC), C-reactive protein (CRP) level, total bilirubin (T-Bil) level, number of stones, diameter of stones, naïve papilla, use of antithrombotic drug, procedure for naïve papilla in early ERCP, stone removal in early ERCP, development of adverse event, development of pancreatitis, and development of bleeding. A significant regression equation was found (F (3, 163) = 18.973, p < 0.001, with an R 2 of 0.259). Participants' predicted hospitalization period is equal to 9.008 + 0.250 (CRP level) + 0.568 (number of stones) + 7.467 (stone removal in early ERCP), where CRP level is measured in mg/dl, and stone removal in early ERCP is coded as 1 = without, 0 = with. Participants' hospitalization period increased 7.467 days in without stone removal in early ERCP, 0.568 days for each number of stones, and 0.250 days for each mg/dl of CRP level. As a result, stone removal in early ERCP, number of stones, and CRP level were significant predictors of hospitalization period (Table 6 ).
Discussion
In this study, we evaluated the safety and clinical benefit of single-session stone removal for mild-to-moderate acute cholangitis associated with choledocholithiasis. As a result, regarding safety, there was no difference in the incidence of adverse events such as cholangitis exacerbation or post-EST bleeding between single-session stone removal and only drainage; that is, it was considered that the single-session stone removal could be performed with the same safety level as only drainage. Regarding clinical benefit, single-session stone removal contributed to a significant shortening of the hospitalization period. Furthermore, a multiple linear regression analysis revealed that the factor most related to the hospitalization period was stone removal in early ERCP. Therefore, in this study, we found that single-session stone removal for mild-to-moderate acute cholangitis can be performed safely, moreover, with the perspective of shorter length of hospital stay.
As for EST in the presence of acute cholangitis, Sugiyama et al. [6] retrospectively compared the presence or absence of EST prior to ENBD for acute cholangitis and found that, in patients without EST, the overall complication rate was 2% and the bleeding rate was 0%, whereas in those with EST, the overall complication rate was 11% and the bleeding rate was 4%, which were significantly higher (P < 0.05). However, in the report, among patients who underwent EST, 19% had severe cholangitis and 8% had coagulopathy. In addition, two among the three patients with bleeding had coagulopathy. Hui et al. [7] retrospectively compared the presence or absence of EST prior to EBS for acute cholangitis associated with choledocholithiasis. The overall complication rate was 2.7% and the bleeding rate was 0% in patients without EST, whereas the overall complication rate was 10.8% and the bleeding rate was 8.1% in patients with EST, indicating higher rates in those who underwent EST. However, in the report by Hui et al. [7] , all patients had severe cholangitis or acute suppurative cholangitis. Therefore, for patients with severe acute cholangitis, EST may increase the risk of bleeding.
On the other hand, Ueki et al. [9] retrospectively compared single-session EST against elective EST prior to EBD for moderate acute cholangitis associated with choledocholithiasis and reported that the rate of bleeding was 13% in single-session EST and 5% in elective EST, with no significant difference observed (P = 0.127). In addition, Eto et al. [10] reported that the rate of post-EST bleeding of single stage EST for mild-to-moderate cholangitis was 4% (2/5), and Ito et al. [11] reported that the rate of post-EST bleeding of immediate EST for acute suppurative cholangitis was 0% (0/59). Therefore, these reports concluded that the risk of post-EST bleeding is not high in patients with mild-tomoderate cholangitis. In the present study, the post-EST bleeding rate among patients with EST was 6.8% (removal group: 6.9%, drainage group: 9.1%), which was comparable to that in previously reported results, and on comparing early EST with elective EST after cholangitis had improved, there was no difference in procedural complications including bleeding; thus, it was suggested that, in mild-to-moderate cholangitis, EST can be performed with equal safety similar to that performed in patients without cholangitis.
With regard to single-session stone removal, Jang et al. [13] retrospectively compared urgent and elective singlesession stone removal for mild-to-moderate acute cholangitis and demonstrated that there was no significant difference in clinical success rate and intervention-related complications. Furthermore, the urgent group has a shorter length of hospital stay (P < 0.001). Moreover, Eto et al. [10] conducted a prospective single-arm study of single-session stone removal for 50 patients with mild-to-moderate acute cholangitis associated with choledocholithiasis and reported that, within 4 days of the procedure, the improvement rate of acute cholangitis was 90%, the overall procedural complication rate was 10%, and the bleeding rate was 4%; thus, in the absence of coagulopathy and oral antithrombotic therapy, they found that single-session stone removal by EST was useful. In the present study, we observed no cases of cholangitis exacerbation following single-session stone removal, with an improvement observed in cholangitis in all cases. Therefore, if the acute cholangitis is mild-to-moderate, then we consider that single-session stone removal does not carry a high risk of cholangitis exacerbation. Furthermore, other procedural complication rate, such as pancreatitis, was comparable in patients who underwent drainage alone; thus, single-session stone removal by EST can be safely performed.
Same as present study, Ito et al. [11] compared the therapeutic results of single-session stone removal for acute cholangitis associated with choledocholithiasis with those of elective stone removal following drainage and reported that there was no difference in the cholangitis improvement rate and procedural complication rate. However, it cannot be ruled out that the results were affected by the fact that the sample size for elective stone removal following drainage was small at 28 patients and that the single-session complete stone removal rate was low at 30.5%. The present study included more patients (removal group: 78 patients, drainage group: 89 patients), and the single-session complete stone removal rate was high at 85.9%. However, consequently, there was no difference in the cholangitis improvement rate and procedural complication rate, which is consistent with the findings by Ito et al. Therefore, even if stone removal was performed with a high complete stone removal rate, it could be safely performed without exacerbation of cholangitis. Furthermore, in the report by Ito et al., there was no statistically significant difference in the length of hospital stay between the single-session stone removal group (n=59) and the group that underwent elective stone removal after drainage (n=28) (P=0.09). However, when limited to the patients with successful complete stone removal in the single-session stone removal group (n=18), the hospitalization period was significantly shorter than the elective EST group (P=0.02). In the present study, the removal group had a significantly shorter length of hospital stay and we consider that the high complete stone removal rate in the removal group could have contributed to shorter length of hospital stay. Since stone removal in early ERCP was identified as a factor most related to hospitalization period in multiple linear regression analysis, high complete stone removal rate may contribute to shortening of hospitalization period. Besides, the number of stones and CRP level are also identified as a factor related to hospitalization period; therefore, requiring multiple ERCP sessions for many stones or severe inflammation may have affected the prolonged hospitalization.
Limitations of the present study are that it was a retrospective study and that there may have been a selection bias in the drainage group comprising patients receiving oral antithrombotic therapy, patients with many stones, and patients with large stone. Therefore, further prospective comparative studies of patients with consistent backgrounds are needed.
Conclusions
In the present study, we found that, in patients with mild-tomoderate acute cholangitis associated with choledocholithiasis, without receiving oral antithrombotic therapy, singlesession stone removal can be performed with the same safety level as that for elective stone removal after drainage, moreover, with the perspective of shorter length of hospital stay.
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